Introduction
Pseudoscorpions, also known as false scorpions, are a moderately diverse group of small arachnids with over 3,500 known recent species globally (Harvey 2013a ) while 787 species have been recorded from Europe (Harvey 2015) . Most species are relatively small, have cryptic habits and are therefore rarely detected and easily overlooked. In contrast to larger arthropod orders, there are few specialists dedicated to their study, and consequently there are still insufficiently known areas even in Europe.
The first record of pseudoscorpions in Estonia dates possibly back to 1791 when J. B. Fischer published his treatment of the natural history of Livonia, which covers the northern part of todays Latvia and southern Estonia (Fischer 1791) . However, as the work does not give any exact locality data, the observations of Phalangium cancroides Linnaeus (probably Chelifer cancroides (Linnaeus, 1758)) could have been made also on the territory of present-day Latvia . The first undisputable records of pseudoscorpions in Estonia derive from the classic treatment of Livonian arachnids by A. E. Grube (1859) . He mentioned the occurrence of Ch. cancroides under two synonymous names from two localities. The next data on Estonian pseudoscorpions were published over sixty years later, when a new species, Apocheiridium rossicum Redikorzev, 1935 , was described on the basis of Estonian material (a female specimen from Meriküla, North-Eastern Estonia ; Redikorzev 1935: 184) . Later on, three species were mentioned by L. Aru (1968) , based on personal communication with Estonian arachnologist A. Vilbaste, however, without any list of voucher material. Some faunal surveys have mentioned the findings of unidentified pseudoscorpions (e. g. Remm 1988 ). Talvi (2010) summarized the previous information of Estonian pseudoscorpions and reported two new species from a broadleaved forest in Puhtu, Western Estonia. Thus, prior to our study, six species have been documented to occur in Estonia. From the neighbouring countries, there are 12 species known from Latvia , Jansson & Hultengren 2002 , Telnov & Salmane 2015 , 17 species from Finland (Uddström & Rinne 2014) and 21 from Sweden (Gärdenfors & Wilander 1992) . In the NorthWestern part of Russia and Lithuania, pseudoscorpions are as yet too little known for any diversity estimates.
A large material of pseudoscorpions has accumulated in Estonian zoological collections from various research projects over the years. The aim of this study was 1) to identify and arrange the previously collected specimens and 2) together with newly collected material, to summarize all the available data of Estonian pseudoscorpions in order to get a preliminary overview of their species composition and ecology.
Materials and methods
The examined material, collected altogether from 66 localities (Fig. 1) , originated from the following sources:
1. The major institutional and private zoological collections in Estonia were searched for pseudoscorpions.
2. Specimens were collected by the third author during his coleopterological research projects and surveys. The window traps designed by the collector were attached to tree trunks (trunk window traps, abbreviated TWT below; Fig. 2 ; see also Süda 2009 ). These consisted of a transparent pane (55 × 45 cm) and a plastic tank with preserving fluid (ethylene glycol or propylene glycol) and were covered by a roof to avoid rainwater flooding. Of 57 collecting localities, three were sampled more thoroughly with window traps, namely the island of Ruhnu, Riimaru and Koiva-Mustjõe Nature Reserve (the localities 18, 42 and 62 in Fig. 1, respectively ). 3. The preserved arachnid material from the extensive Estonian Malaise Trap Project (2008 ( 2011 ( , see Tomasson et al. 2014 for details) also yielded some specimens of pseudoscorpions. 4. Many pseudoscorpions were collected during a large-scale study of forest snails. During this project in 19952015, three most common forest types all over Estonia were studied by quantitative sampling. For more detailed descriptions of the studied habitats and sampling details see Mänd et al. (2002) . 5. To recover ground-living specimens, sifting litter and moss in combination with thermoeclector (Tullgren funnel) was used during the recent years. Pitfall traps, consisting of 0.5 l plastic containers with preserving fluid (propylene glycol) were used to capture additional ground living specimens. 6. Suitable habitats (tree hollows, bark of trees etc.) were searched by eye.
The specimens were identified using Leica S8 APO stereo microscope and Leica DM 6000B compound microscope. The identifications were based on several keys to European species (e.g. Beier 1963 , Legg & Jones 1988 . Some specimens were treated with 20% KOH and mounted on microscope slides (using EuparalTM). The details of collection and depository information of every specimen or series are noted in the sections of specimens studied of the annotated species list. All the records were entered also into the PlutoF cloud database (Abarenkov et al. 2010) and will be accessible through the Estonian eBiodiversity portal (http://elurikkus.ut.ee) and Global Biodiversity Information Facility (http:// www.gbif.org). 
Results
Altogether 474 specimens of five families including 14 species were found. Five specimens of them remain unidentified to species level (one dried and damaged specimen of Cheliferidae and four juvenile Chernetidae). Three specimens of Neobisium carcinoides (Hermann, 1804) lacked proper locality data and are not included in this work. Apocheiridium (Apocheiridium) rossicum Redikorzev, 1935 , previously recorded from Estonia was not found during our studies. Nine species of pseudoscorpions are listed for the first time for Estonian fauna.
Annotated species list
The following list contains all the known identified findings of pseudoscorpions from Estonia, with comments on literature and general distribution in Northern Europe. The material previously published by Talvi (2010) was re-examined and included in the sections of specimens studied. An asterisk (*) before a species name indicates the first record of the species in Estonia. The locality (below as loc.) numbers correspond to those in Fig. 1 . The findings from different traps or samples from the same localities at the same time are marked separately. The studied material is listed in chronological order of collecting events. The sequence of families follows Harvey (2013a) , while the species in a family are ordered alphabetically. For the finding localities of each species, see Figs. 3, 4 and 5. The data of specimens not collected by the authors repeat the texts of the original labels, which in some cases did not specify some details.
Chthoniidae
Chthonius ( , but also in seashore wrack in Åland archipelago (Backlund 1945) as well as Sweden (Gärdenfors & Wilander 1992) , Latvia and Poland (Rafalski 1967 (Harvey 2013b) , including Finland , Sweden (Gärdenfors & Wilander 1992) , Latvia and Poland (Rafalski 1967 Distribution. A widespread synanthropic species, present also in Finland , Sweden (Gärdenfors & Wilander 1992) , Latvia and Poland (Rafalski 1967 ).
Cheliferidae
Chelifer cancroides (Linnaeus, 1758) Estonian sources. 2980°N, 22.0997°E, 11.IV.1993 Distribution. A widespread synanthropic species, present also in Finland , Sweden (Gärdenfors & Wilander 1992) , Latvia and Poland (Rafalski 1967 Distribution. Widespread in Europe, present also in Finland , Sweden (Gärdenfors & Wilander 1992) , Latvia and Poland (Rafalski 1967 , Sweden (Gärdenfors & Wilander 1992) , and Poland (Rafalski 1967 and Sweden (Gärdenfors & Wilander 1992 , Sweden (Gärdenfors & Wilander 1992) , Latvia and Poland (Rafalski 1967 ).
Notes on species diversity and ecology
The main focus of the present paper is on faunistics, but some ecological observations on the more common species were also made.
Neobisium carcinoides was the most common ground-living species in various biotopes, including different types of forests. The quantitative sampling of forest snails (Mänd et al. 2002) allowed us to collect some data on densities of pseudoscorpions in particular homogeneous forest habitats as well. The mean densities of N. carcinoides in the two sampled dry boreal pine forests in Western Estonia were 6.8 ± 2.8 SD individuals per 1 m 2 (range 048). In three sampled fresh boreo-nemoral deciduous forests in the same region the density was lower, 3.2 ± 1.6 SD ind./m 2 (range 032). All our density estimations are based on data obtained by hand-sorting which tends to underestimate the true densities (see e. g. Huhta et al. 1986 ). However, comparing our results with data from elsewhere, the density of N. carcinoides in coniferous forest litter was close to that found in other European localities (Palmgren 1973 , Christophoryová & Krumpál 2005 , Tamutis 2011 .
The most common (probably phoretic) species in flight intercept traps was Ch. cimicoides. Its average frequency in TWTs was 0.0303 specimens per trap per trapping day. Its incidence in traps was the highest in May and June, with a gradual decline from the first half of July (Fig. 6) . Females with brood sacs were found during the trapping periods extending from 3.IV to 9.VII. The species was also found on tree trunks and from ant nests.
The phoretic behaviour of L. chyzeri is not considered common , but several specimens were found in TWTs in our study.
Some species were clearly associated with particular habitats. Chthonius tetrachelatus was found only in seashore debris where it was locally quite abundant, M. brevifemoratum was found in fens and bogs and Ch. museorum and Ch. cancroides were found only in human settlements. The habitat preferences of those species in Estonia are thus in good agreement with those known from other parts of Northern and Central Europe (e. g. , Meinertz 1962 , Beier 1963 , Legg & Jones 1988 , Gärdenfors & Wilander 1992 , Stol 2005 ).
Discussion
Although the use of flight intercept traps in broad sense is not widespread in pseudoscorpion research (Krajèovièová & Christophoryová 2014) , the trunk window traps proved quite useful in our study as a means to catch phoretic species. Comparing the methods used, TWTs were two orders of magnitude more efficient (producing 8 species with a mean incidence of 0.0563 specimens per trap per trapping day) than Malaise traps (producing 2 species with a mean incidence of 0.00063 specimens per trap per trapping day).
Our findings of M. ressli from two sites in Estonia are the northernmost known, but its true range is presently unclear as it was described quite recently and has probably been earlier misidentified as Ch. cancroides in many cases (Mahnert 1981) . It is possible that some species present in Estonia still remain unrecorded as the findings of Larca lata (Hansen, 1884), Anthrenochernes stellae (Lohmander, 1939) and Chernes hahnii (C. L. Koch, 1839) in Latvia (Jansson & Hultengren 2002 , Telnov & Salmane 2015 show that the Central European species ranges reach further north in the Baltic region than previously known. The occurrences of Dactylochelifer latreillii (Leach 1817) and Microbisium suecicum Lohmander, 1945, present in Finland, Sweden and Poland, are not impossible also in Estonia. A preliminary comparison of the known Estonian fauna with the published records from Latvia, Sweden and Finland indicates the highest similarity to the Finnish fauna with Sørensen similarities 0.666, 0.722 and 0.875, respectively. We presume that the relatively low similarity to the Latvian fauna results from the currently incomplete knowledge of the faunas of both countries. A rough estimate of the latitudinal gradient in numbers of species in the Baltic region might be deduced using the combined Estonian and Latvian species lists ( Fig. 7 ; the number of species in Finland north of 65°N based on and Lehtinen (1964) and the number of species in Northern Poland on Rafalski (1967) and Jêdrycz-kowski (1985) ).
In the key of Nordic pseudoscorpions, I. Stol presented approximate distribution maps of the treated species (Stol 2005) . We would like to point out a few misinterpretations there, namely 
